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the	 EU-RED,	 the	 importance	 of	 renewable	 energy	
sources	has	also	been	 recognized	 in	 the	EU	Forest	
Strategy	(EC	2013)	and	Climate	and	Energy	Frame-
work	for	2030	(EC	2014).	The	EU	Forest	Strategy	ar-
gues	 that	 forest-based	biomass	 »is	 gaining	market	
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Abstract
The importance of renewable energy resources has increased over the last decades due to the 
European Union renewable energy policy and particularly its climate change mitigation objec-
tives. There is a need to mobilize additional wood resources from private forests in order to 
meet ambitious renewable energy targets and the demand for wood. Due to the conditions 
prevailing in privately owned forests in Slovenia and Serbia characterized by a large number 
of still disorganized private forest owners with fragmented and small-scaled forest properties, 
wood mobilization strongly depends on owners’ organization and cooperation. The purpose 
of this study is to determine the possibilities for wood mobilization from private forest proper-
ties in Serbia and Slovenia, and propose organizational models on this basis and experience 
from the selected case countries. Surveys were conducted in Slovenia (n=622) and Serbia 
(n=248) on random samples of private forest owners. Analysis of wood mobilization potentials 
in Serbia and Slovenia showed that the harvesting intensity in private forests is below the 
potentials, therefore the preconditions to increase the level of wood mobilization exist. The main 
obstacles to the increase in the current level of wood mobilization in Serbia are biodiversity 
and the protective forest function, as well as high acquisition costs, also stated as the main 
obstacle in Slovenia. Moreover, it appeared that the majority of private forest owners in both 
countries believe that better logistics and infrastructure and interest association of private 
forest owners are potential solutions leading to an increase in the level of mobilization. Four 
models of private forest owner organization are proposed and they take into account the char-
acteristics and attitudes of owners as well as activities in supply chain, including timber sales 
arrangement, construction and maintenance of forest roads, harvesting, measurement and 
quality assessment of timber, transportation, invoicing and payments.
Keywords: renewable energy resources, wood mobilization, private forest owners, organiza-
tional models
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of	PFOs	 in	Europe	 (mostly	with	 fragmented	 forest	
properties)	do	not	participate	in	market	wood	supply.	
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2.1 Brief description of private forests









































develop	 in	 Slovenia	 at	 the	beginning	of	 the	 2000s,	
membership	is	still	low	(less	than	1%	of	owners	are	
members	of	PFOAs).	Thirty	local	PFOAs	were	estab-



















Table 1 Potentials for wood mobilization from private forests in the 
Serbian study area
Forest region Increment, m3/yr Annual cut, m3/yr Realization, %
Belgrade 2353 656 28
Kučevo 47,970 50,517 105
Boljevac 98,278 49,815 51
Despotovac 26,595 23,820 90
Kragujevac 30,942 7954 26
Loznica 75,849 22,144 29
Užice 30,776 13,750 45
Prijepolje 37,191 19,295 52
Ivanjica 28,875 11,895 41
Raška 22,022 9038 41
Kraljevo 17,257 9398 54
Kruševac 21,900 18,859 86
Kuršumlija 31,129 18,384 59
Niš 21,194 4307 20
Pirot 20,207 17,682 88
Leskovac 61,804 37,897 61
Vranje 42,347 37,917 90
Total 616,689 353,328 Average: 57
Source: PE »Srbijašume« 2013
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ment	(PE	»Srbijašume«,	2013).	Based	on	the	data	for	
2014,	the	total	available	potential	for	wood	mobiliza-








































































Table 2 Potentials for wood mobilization from private forests in 
Slovenia
Regional unit Increment, m3/yr Annual cut, m3/yr Realisation, %
Tolmin 467,508 238,086 51
Bled 18,778 187,158 101
Kranj 388,995 263,703 68
Ljubljana 618,765 428,648 69
Postojna 238,533 206,704 87
Kočevje 257,199 185,747 72
Novo mesto 428,966 299,006 70
Brežice 311,833 340,363 109
Celje 365,079 228,999 63
Nazarje 271,003 206,396 76
Slovenj Gradec 236,247 214,013 91
Maribor 460,081 324,307 70
Murska Sobota 126,244 114,705 91
Sežana 239,204 121,154 51
Total 4,594,435 3,358,988 Average: 73
Source: Report of Public Forestry Service of Slovenia about forests for the year 
2014, 2015
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Table 3 Basic characteristics of private forest owners






Age n.a Average 57.5
<30 years 2.8 3.9
30–60 years 69.0 54.1








Level of education 
Primary school 41.5 18.4
Secondary school 48.4 59.2
University education 10.1 22.2
The average distance from the residence to the forest property
5 km 65.3 67.9
6–20 km 27.0 18.9
21–100 km 7.7 13.3
Size of forest property Average: 7.4 Average: 7.5
<1 ha 8.5 35.9
1–5 ha 52.0 40.1
5–10 ha 20.2 8.6
10–20 ha 11.7 5.9
>20 ha 7.7 9.5
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5.1 The basic characteristics of private forest 
owners
The	profiles	of	PFOs	are	presented	in	Table	3.	The	













5.2 Private forest owner attitudes towards wood 
mobilization













sociation	 of	 PFOs	 (42.3%)	 and	 market	 share	 and	
marketing	(41.5%)	have	a	decisive	impact	on	the	in-
crease	in	the	level	of	wood	mobilization	from	private	























versity	 and	protective	 functions	of	 forests	 (52.4%),	
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Table 4 The main obstacles to an increase in the level of wood 
mobilization (multiple answers)
Obstacles Serbia, % Slovenia, %
Legislation 3.2 13.7
Lack of planning documents* 3.6 6.2
Unfavorable technical characteristics 
of the equipment
18.1 15.8
Biodiversity conservation and 
protective functions of forests
52.4 4.9
High acquisition costs 22.6 27.5
Social functions of forests 6.5 6.5
No obstacles 27.0 37.1























Fig. 1 Attitudes of PFOs towards the opportunities and potential solutions leading to an increase in the level of mobilization. Notes: Agreement 
= strongly agree plus agree; disagreement = disagree plus strongly disagree; Dnk = Don’t know. The original scale and coding was done 
as strongly agree – 5; agree – 4; I do not know – 3; disagree – 2 and strongly disagree – 1; * Offered response for Serbia; ** offered response 
for Slovenia (due to different organization of forestry sector)
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Fig. 2 Activities within »Model I«
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Fig. 3 Activities within »Model II«
Fig. 4 Activities within »Model III«
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Fig. 5 Activities within »Model IV«
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1. Introduction
Forest	volume	is	a	major	forest	resource	indicator,	


























Developing a Volume Model Using South 
NTS-372R Total Station without Tree Felling 
in a Populus canadensis Moench Plantation 
in Beijing, China
Zhongke Feng, Fei Yan, Mohammad Rahmat Ullah, Yi Dang
Abstract
Volume table preparation using the traditional method and a collection model requires the 
harvest of approximately 200–300 trees of individual species. Although high precision could 
be achieved using that method, it causes huge damage to the forest. To minimize these losses, 
in this study, a South NTS-372R total station with a precise angle and distance measurement 
mode was used to measure 507 trees of Populus canadensis Moench without single tree felling. 
Moreover, the C# programming language was used in this study and the collected volume data 
were inserted in the total station. Using this method, a real-time precise measurement of 
volume could be achieved. After data collection, the optimal binary volume model of Populus 
canadensis Moench could be obtained through a comparative analysis. It turns out that the 
Yamamoto model is the optimal binary volume model (also known as two predictor variable 
model), with 0.9641 as the coefficient of determination (R2) and 0.19 m3 as the standard de-
viation of estimated value (SEE), which presents a good imitative effect. Moreover, it showed 
relative stability with the general relative error (TRE) of –0.12% and the mean system error 
(MSE) of –1.24%. The mean predicted error (MPE) of 1.18% and the mean predicted standard 
error (MPSE) of 9.25% showed high estimated precision of the average and individual tree 
volumes. The model has only three parameters, so it is suitable for volume table preparation. 
Finally, this study will present some new technical methods and means for volume modeling 
for further application in forestry.
Key words: total station, volume model, Populus canadensis
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(Meng	 1996,	 Zeng	 2014).	 Making	 the	 comparison	
among	3682	tree	samples	of	14	species,	Meng	(1982)	
analyzed	the	accuracy	of	a	variety	of	volume	equa-























ect	 for	 the	 establishment	 of	 the	 volume	model	 in	
Beijing,	the	volume	of	87	poplars,	including	Populus 











SVM	algorithm	 is	 good.	 Thus,	 the	 function	 of	 ad-


























2. Materials and methods
2.1 Description of sample tree species
Populus canadensis	Moench,	with	its	oval	and	broad	










Developing a Volume Model Using South NTS-372R Total Station without Tree Felling ... (127–150) Z. Feng et al.





































Fig. 1 Populus canadensis Moench (photographed in 2014)
Fig. 2 Distribution of sample collection of Populus canadensis Mo-
ench
Fig. 3 South NTS-372R total station
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2.3 Principles and methods




































p   (1–3)
So,	the	volume	of	a	standing	tree:
V = V1 + V2 + ... + Vn = 
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 nn 2 sin 2
a
D L= ⋅   (1–5)
 hn = L[tan(90°	–rn)	–	tan(90°	–	rn–1)]	 (1–6)



























2.3.2 Specific measurement steps
1)	 Based	 on	 the	 experience	 of	 taking	measure-
ments,	 the	 instrument	 requires	 setting	at	 the	place	
where	 the	 distance	 is	 1–1.5	 times	 longer	 than	 the	
height	of	the	target	tree,	which	can	ensure	a	moderate	
observation	angle	of	the	total	station	and	is	conducive	
to	the	stability	of	observation.	The	instrument	should	Fig. 4 Schematic diagram of volume measurement
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2.4 Selection of volume model
From	these	research	findings,	the	commonly	used	

















has	small	and	stable	parameters,	 is	selected	 in	 this	
study	for	its	simplicity	and	effective	structures.











Fig. 5 Interface where the ground diameter of the tree is entered and the volume is calculated by the program
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= × × ×a  (2–5)









Table 1 Commonly used volume models
Binary Volume Models Inventor Number
2 2
0 1 2 3 4 5V a a D a D a DH a D H a H= + + + + + Meyer W.H. 1–1
2 2 2
0 2 2 3 4V a a D a D H a H a DH= + + + + Meng Xianyu 1–2
2 2 2 2





a Ha HV a D e
−
= Terasaki Wata 1–4
1 2
0
a aV a D H= Yamamoto 1–5
32
0(D 1)
aaV a H= + Korsun F. 1–6
2
0 1V a a D H= + Spurr S.H. 1-7
2










a aV a D H −= Dwight T.W. 1–10
1
0( )
aV a DH= Spurr S.H. 1–11
2 2
0 1 2 3V a a D a D H a H= + + + Stoate T.N. 1–12
2






HV a D e
−
= Terasaki Wata 1–14
2 2
0 1 2 3 4lg lg (lg ) lg (lg )V a a D a D a H a H= + + + + GAOFS 1–15
2 3 2
0 1 2 lgV a D H a D H a D D= + + Zhao Kesheng 1–16
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Table 2 Actual measurement data of the volume of Populus canadensis Moench




DBH, cm 38.2 8.5 88.5 12.9 33.77
Tree height, m 23.8 10.3 35.0 4.6 19.33
Volume, m3 1.4022 0.0385 6.1957 0.9999 71.31
Table 3 Fitting results of the binary volume model of Populus canadensis Moench
Model
Model parameter
a0 a1 a2 a3 a4 a5
1–1 –0.161410 0.016783 –0.000177 –0.000285 0.000036 0.00186
1–2 –0.009439 0.000179 0.000024 –0.000626 0.000005 –
1–3 –0.001743 0.000183 0.000024 0.000098 0.000007 –
1–4 0.000674 1.947611 0.025715 5.480645 – –
1–5 0.000061 1.941859 0.885561 – – –
1–6 0.000050 1.981313 0.889570 – – –
1–7 0.047941 0.000033 – – – –
1–8 0.000130 0.000028 – – – –
1–9 27719.743170 43.335726 – – – –
1–10 0.000061 1.941859 2.114439 – – –
1–11 0.000013 1.672499 – – – –
1–12 –0.075889 0.000141 0.000027 0.004805 – –
1–13 0.000033 – – – – –
1–14 3.052688 –7.327658 21.540754 – – –
1–15 –3.442538 2.528834 –0.169925 –0.908352 – –
1–16 0.000032 0.000000 0.000063 – – –
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Table 4 Statistical results of the binary volume model of Populus canadensis Moench
Model
Statistical indicators
R2 SEE/m3 TRE, % MSE, % MPE, % MPSE, %
1–1 0.9643 0.19 0.00 1.33 1.18 11.52
1–2 0.9641 0.19 0.00 –0.38 1.18 9.06
1–3 0.9641 0.19 0.00 –0.53 1.18 9.04
1–4 0.9642 0.19 –0.16 –1.65 1.18 9.53
1–5 0.9641 0.19 –0.12 –1.24 1.18 9.25
1–6 0.9641 0.19 –0.17 –1.68 1.18 9.49
1–7 0.9635 0.19 0.00 –2.42 1.19 10.76
1–8 0.9638 0.19 0.50 0.14 1.18 9.03
1–9 0.9637 0.19 0.24 0.31 1.18 8.96
1–10 0.9641 0.19 –0.12 –1.24 1.18 9.25
1–11 0.9364 0.25 0.42 1.74 1.57 12.32
1–12 0.9640 0.19 0.00 –0.12 1.18 9.58
1–13 0.9635 0.19 1.19 2.59 1.20 9.18
1–14 0.9633 0.19 0.77 2.33 1.20 9.49
1–15 0.9643 0.19 0.00 –0.71 1.18 9.13
1–16 0.9642 0.19 –0.02 –0.56 1.18 8.95
Fig. 6 Distribution of residuals in Yamamoto model
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 V =	0.00006107D1.942H0.8856 (3–1)
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